Background Piriformis syndrome (PS) is described as entrapment of the sciatic nerve at the level of the piriformis muscle. Selecting the most effective conservative treatment for PS continues to be a challenge. The movement-system-impairment (MSI) approach is based on the association of symptoms with incorrect movements of the hip. The purpose of this case report was to describe the MSI-based approach to diagnosis in a patient with PS. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons. org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
INTRODUCTION
The piriformis muscle originates from the anterior surface of the sacrum and inserts into the upper part of the greater trochanter. 1 The piriformis muscle is an external rotator, abductor, and flexor of the hip, providing postural stability during standing and walking. 2 Piriformis syndrome (PS) is a painful musculoskeletal condition, characterized by a combination of symptoms including buttock or hip pain. 3 The syndrome is caused by sciatic nerve compression due to prolonged or excessive contraction of the piriformis muscle. 4 PS usually generates pain in the buttock, which may radiate to the lower leg and can be exacerbated when getting up from a sitting position, performing hip adduction and internal rotation, and prolonged periods spent in a sitting position. 5 In several articles, PS is defined as a peripheral neuritis of the branches of the sciatic nerve caused by an abnormal condition of the piriformis muscle, such as a shortened muscle. 6, 7 The piriformis muscle has a tendency to shorten when the muscle is abnormally stressed. 6 In addition, repetitive and persistent external hip rotation of the piriformis muscle may increase the stiffness of the posterior hip structures. The anterior tissues of the femoral head may also cause anterior hip pain due to the tissues impinging during hip flexion. 8, 9 Treatment for PS has traditionally included physical therapy, focused on muscle stretching, extracorporeal shock wave therapy and a combination of local anaesthetic and corticosteroids into the piriformis muscle belly. 6, 10, 11 Stretching exercises in particular have been proposed as a mainstay for intervention. 12 These techniques are generally identified as "piriformis muscle stretching". These techniques seek to emphasize knee and hip flexion with external rotation and adduction of the hip and have been shown effective in stretching of the piriformis muscle. 13 Gulledge and colleagues (2014) found that the stretching the piriformis muscle over a 5 minute period decreased compression of the sciatic nerve through relaxation of the piriformis muscle by increasing the resting length of the muscle. 14 However, the physician's diagnoses, which are related to the pathoanatomical source of pain are not designed to guide physical therapists in the management of musculoskeletal disorders. 15 Sahrmann (2002) has developed a set of diagnoses for the hip, based on movement system impairment (MSI), to guide physical therapy treatment. 9 The MSI classification is focused on finding functional changes and identifying the direction of the movement causing pain. 16 It is hypothesized that restoring normal control of movement direction should result in a decrease in pain. To date, no case studies have yet been reported on MSI classification for patients with PS. The purpose of this case report was to describe the treatment and outcomes of a patient with PS, who was identified as having a hip lateral rotation MSI syndrome.
CASE HISTORY
The patient was a 36-year-old man who presented with sciatic pain in the left lower extremity and anterior hip pain that had began about 3 months ago. The patient was referred to physical therapy by his physician, with a diagnosis of sciatica. The patient gave informed consent and the rights of the patient were protected. The patient reported that his primary pain began just below his left buttock and went down to his foot. He reported his current buttock pain as 3, while after 5 minutes of walking, the pain was 6 out of 10 using the visual analogue scale (VAS). 17 He stated that his symptoms (pain and paresthesia) were aggravated by working, and other activities and that the symptoms were alleviated by lying supine. He noted that sustained and repeated external rotation of the affected hip increased the symptoms. Prolonged periods spent in a sitting posture also aggravated the symptoms. He also reported occasionally that anterior hip pain occurred during deep squatting. No drugs were used in the periods of exacerbation.
PHYSICAL EXAMINATION
Movement system examination was performed as described by Sahrmann (2002) . 9 The examination was performed by the first author, a physical therapist with 14 years of experience. The tests were performed by taking the patient through a series of movements in various postures which were analyzed by the examiner. If a particular movement caused pain, a correction was made to the movement in an attempt to reduce symptoms and modify the observed movement impairment.
His preferred standing alignment was a forward sway of pelvic, posterior pelvic tilt, bilateral hip extension and external rotation ( Figure 1A ). The patient's left foot 
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rotated more laterally than the right foot due to the hip external rotation in the supine position ( Figure 1B ). This alignment occurs when hip external rotators including the piriformis are stiffer than hip internal rotators. 9 In the sitting position, the left hip showed abduction with external rotation ( Figure 1C ). The pain was increased during adduction with internal rotation of the hip by the examiner. If the hip was placed in an abduction or an external rotation position, pain was reduced and patient reported being very comfortable.
The patient presented with the following movement impairments. When rocking backwards in a quadruped position, pain was increased in the posterior thigh and inguinal region. The patient was instructed to perform hip abduction with external rotation. The instruction was to increase the flexion range of motion (ROM) of the hip joint by decreasing the stiffness of the piriformis. During reexamination, hip flexion ROM was increased with a reduction in symptoms. While performing an active straight leg raise (ASLR) in the supine position, the hip joint was abducted and externally rotated. At this time, when the hip was placed into the state of adduction and internal rotation by the examiner, the symptoms were increased in the posterior thigh. However, when the hip joint returned to the abducted and externally rotated the symptoms were decreased. The patients' gait, from the mid-stance to the push-off, showed prominent external rotation and extension of the left hip. These movements were more obvious to the observer when the patient walked rapidly.
Manual muscle testing was performed according to Kendall (2005) and results revealed weakness of the left hip flexors and internal rotators compared to the right (Table  1) . 18 A positive FADIR (hip joint flexion, adduction and internal rotation) test indicates anterior impingement of the femoral head against the acetabulum.
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This test was performed by an examiner who passively moved the hip of the patient into approximately 90˚ of flexion, 10˚ of adduction, and 10˚ of internal rotation in a supine position. The pain experienced by the patient was increased during this test ( Table 2 ). The FAIR (hip joint flexion, adduction and internal rotation) test is a sensitive and specific test for detection of irritation of the sciatic nerve by the piriformis. 20 The FAIR test was performed with the patient lying on his side, with the affected side up, the hip flexed to an angle of 90˚ and the knee flexed to an angle of 60˚. While stabilizing the pelvis, the examiner adducted and internally rotated the hip by applying downward pressure to the knee. 21 The FAIR test was painful to the patient ( Table  2 ). The length tests of the hip external rotators were performed using the prone hip internal rotation ROM test. 22 The hip internal rotation ROM was smaller at the left side than the right side ( Table 2 ). On palpation there was tenderness and the patients' symptoms could be reproduced by applying pressure to the belly of the left piriformis muscle in the gluteal region.
DIAGNOSIS
Considering the results of the above findings, the patients' MSI diagnosis is hip lateral rotation syndrome (Table 3) . 9 As the results of the patient's examination were consistent with this MSI syndromes, the MSI approach was indicated for his treatment.
TREATMENT
Based on the MSI diagnosis, physical therapy was recommended at a frequency of three times per week for a duration of up to 6 weeks. The patient was taught to avoid positions and movements that promoted excessive lateral rotation of the hip. He was then taught exercises that were designed to address specific movement impairments, muscle weakness and length identified during the exam (Table   4) . During the first week of treatment, gentle myofascial release was also performed on the piriformis for 10 minutes, over a course of three treatments. 5/5, normal strength; 4+/5, able to hold against moderate to strong resistance; 4/5, able to hold against moderate resistance; 4-/5, able to hold against slight to moderate resistance; 3+/5, able to hold against minimal resistance; 3/5, able to hold against gravity but not against additional minimal resistance applied manually; 2+/5, moves through partial range of motion against gravity.
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The goals for the 6-month treatment were the following: First, we attempted to stretch the piriformis muscle to reduce the pressure on the sciatic nerve. Then, we aimed to stretch the muscle to the point where symptoms no longer occurred to prevent excessive nerve compression. Second, we tried to make the patient able to sit on a chair for at least an hour, walk with decreased pain or numbness and recover functional activities. 
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OUTCOME 6 weeks re-assessment
At the 6 weeks re-assessment the patient stated that he had been gradually improving and the pain was generally decreased. The VAS score was 0 out of 10 on resting, meaning that the symptoms were improved by 3 points.
During gait, the symptoms in the lower extremity were significantly improved, with the VAS score from decreasing 
DISCUSSION
We have reported on the examination, diagnosis, and treatment of an individual with PS. Standardized examination including alignment and movement impairment was performed and an MSI diagnosis was determined. The symptoms observed in the patient were consistent with the hip lateral rotation syndrome from the MSI diagnosis. Although the patient's symptoms have improved due to prescribed exercise, we recognize that other therapeutic approaches can achieve similar results.
After 6 weeks, the patient reported the decreased hip pain and thigh numbness during sitting and gait. Backward rocking in the quadruped position and prone hip internal rotation exercises were performed to stretch the piriformis muscle for 6 weeks. As a result, the prone hip internal rotation ROM was increased. Gajdosik (2001) reported that muscle stretching improves the muscle expansibility, reduces muscle stiffness, and is effective to increase the joint ROM by adding sarcomeres into the muscles. 23 It is believed that the exercises contributed to reduce the pressure on the sciatic nerve by stretching the piriformis muscle. In particular, the pain that the patient experienced during rolling movements on a bed was reduced after 6 weeks of exercise. It is believed that improved hip ROM, caused by the increased length of the piriformis muscle influenced the improvement of the hip function. In addition, exercise involving backward rocking in a quadruped position expands the posterior capsule of the hip and allows posterior gliding of the femoral head. 9 It is believed that the posterior gliding of the femoral head might have helped to decrease the anterior hip pain experienced by the patient during a deep squat. The patient reported severe muscle weakness in the internal rotators of the hip. Internal hip rotation exercises were performed with the patient lying on his side to strengthen weakened muscles. The purpose of the exercise was to improve the strength of the anterior fibers of the gluteus medius and minimus as internal rotators of the hip.
After 6 weeks, the strength grades of hip internal rotators were 4+/5, as defined by Kendall et al (2005) . 18 The patient increased the strength of the hip internal rotators as well as lengthening the hip external rotators by following the exercise regime. We believe that the increased strength of the hip internal rotators could increase the stiffness of them.
It is considered that this increased stiffness could move the left foot into a neutral position, preventing external rotation of the hip during ASLR and help the hip joint to align normally in supine and sitting positions.
The patient had a typical Swayback posture, which resulted in stretch weakness of the iliopsoas muscles. 18 The sitting hip flexion exercise was performed to strengthen the weakened iliopsoas muscles as flexors of the hip. After 6 weeks, the strength grade of the iliopsoas muscles had increased from 2+/5 to 3+/5. In theory, a muscle with a strength grade of 3+/5 should be able to hold against minimal resistance. Unfortunately, the excessive extension ROM of the hip was not corrected, possibly because the increased iliopsoas strength was not enough to correct it. This study has several limitations. First, the only one patient participated in this study, so it is difficult to generalize the results. Second, there was no follow-up study, so there can be no suggestion of sustainability of the result. Future studies are required, using a larger sample size. These studies should be designed to determine the long-term follow-up effectiveness of the MSI approach in the management of subjects with PS.
CONCLUSIONS
We described the evaluation and treatment of a patient
